INTRODUCTION
A lthough the overall prevalence of dental caries has declined in the world, there are still a substantial number of healthy children with early childhood caries who display uncooperative behaviors of such magnitude that oral rehabilitation under dental general anesthesia (DGA) is required, especially in developing countries. 1 The proportion of medically compromised children and those with developmental disabilities who survive is increasing and these children remain at high risk of dental caries and periodontal disease. 2 Therefore, there is an increasing need for comprehensive dental care for both non-cooperative healthy children and medically compromised children that will require special procedures and techniques in the delivery of dental treatment.
A special concern is the cost of medical and dental care of disabled people. One report showed that expenses in health care for the handicapped population, especially those affected with developmental disabilities, is approximately $ 4.7 billion (US dollar) per year without including costs for dental treatment. 3 In several countries, use of DGA as an alternative to provide dental treatment is quite expensive and available national health insurances, both public and private, do not cover its costs. Worst of all, many families with disabled members have a low income, making it difficult to afford any medical and/or dental treatment. 4 Besides, it has been reported that DGA is used as multidisciplinary approach for oral rehabilitations under DGA that involve personnel with different dental specialities which increase the procedure cost. [4] [5] [6] The availability of rapid and short-acting anesthetics such as sevoflurane and propofol has improved the general anesthesia (GA) technique and facilitated the early recovery of
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Juan Pablo Loyola-Rodriguez * / Veronica Zavala-Alonso ** / Cinthya L Gonzalez-Alvarez *** / Lilia A Juarez-Lopez **** / Nuria Patiño-Marin ***** / Cesar D Gonzalez ****** patients after ambulatory (outpatient) general anesthesia. 6 The use of propofol as an intravenous induction agent is very useful, having been associated with fast clearance and reducing postoperative nausea and vomiting. 7 All the above mentioned advancements have significantly improved the safety of anesthetic technique, a reduction in adverse events, and has resulted in increased patient satisfaction with DGA in an office-based ambulatory setting. 7 It has been reported that persons with disabilities consistently show poor oral hygiene, a high level of periodontal disease and dental caries. 8, 9 However, it is important to note that most data are from descriptive studies where there is no standardization of criteria, which could influence results. On the other hand, it is important to take into account the type of disability, age and demographic situation of each population studied. 10 The aim of this investigation was to determine and compare the type, number of procedures and working time length of dental treatment provided under dental general anesthesia in healthy and in medically compromised/developmentally disabled (MCDD) children.
MATERIAL AND METHODS
The Clinical Studies Committee of the Master's Degree Program in Dental Science with Specialization in Advanced General Dentistry of the Faculty of Dentistry at San Luis Potosi University, México, approved this study. Parents of children completed a standardized health questionnaire that included information about pediatric and oral evaluations, and the last course of antibiotics. An informed and voluntary written consent from parents was obtained prior to clinical examinations according to the ethical principles of the world medical association declaration of Helsinki (version 2002). This cross-sectional prospective study involved 80 subjects divided into two groups of 40 children each. Group 1 consisted of healthy children and Group 2 consisted of MCDD children. All children in the study had no previous dental treatment and exhibited negative or definitively negative behavior on Frankl's scale. 11 Attendant risks and benefits of general anesthesia and dental treatment required were explained and written consent obtained from parents or guardians.
A non-probabilistic consecutive sampling was used from January 2000 through December 2006 in two ambulatory outpatient care facilities. Patients were recruited at the Faculty of Dentistry at San Luis Potosi University and the Faculty of Dentistry of The National University of Mexico, Campus Zaragoza. The inclusion criteria were as follows: 1) clinical diagnosis of negative or definitively negative behavior as defined by Frankl, 11 2) no previous dental treatment or dental care, 3) age of patient between 2 and 7 years old, and 4) patients classified as American Society of Anesthesiology 12 (ASA) I (Group 1) or II/III (Group 2). The exclusion criteria consisted of patients with a history of difficulty in tracheal intubation and patients that did not consent to be treated. All patients that participated in this study fulfilled the inclusion criteria; all variables included were blinded analyzed in both institutions.
Oral, medical examinations and development of treatment plans
The same pediatric dentist at each institution performed a dental history, an oral exam and when possible a radiographic examination. In most cases, radiographic examinations were carried out during the DGA procedure due to the impossibility to do so during the medical and dental examination. Similarly, the same pediatric dentist at each institution developed all treatment plans. Parents were informed but did not participate in the development of the treatment plan. Both pediatric dentists were calibrated regarding diagnosis and treatment planning through a pilot study that included 5 patients, and the kappa statistic between both pediatric dentists was 0.8-1.0. A pediatrician and an anesthesiologist in each institution carried out a medical clinical history and pre anesthetic evaluation. The multidisciplinary team that participated in the entire process included anesthesiologists, a dental assistant, pediatrician, nurse, pediatric dentist, and 2nd year residents from the Advanced General Dentistry Program (AGDP). All procedures regarding behavior guidance and pre-anesthetic evaluation in both institutions were carried out according to the American Academy of Pediatric Dentistry Guidelines. [13] [14] [15] All patients received inhaled sevoflurane (Abbott Lab., Bogotá, Colombia) anesthesia through facial mask induction carried out according to a standard protocol. Balanced maintenance anesthesia was used in all cases using intravenous (IV) propofol (Recofol, 200 mg/20 ml, 2-3 mg/kg; Lab. Pisa, Lieras Oy, Turku, Finland); Tracrium (atracurium, 10 mg/ml, 0.3-0.6 mg/kg, Glaxo Wellcome Foundation Lab, London, UK) as the neuromuscular blocker; Sevoflurane (Abbott Lab., Bogotá, Colombia) as the inhalatory anesthetic; Ketorolac (30 mg/ml, 1 mg/kg, Lab. Pisa, Guadalajara, Mexico) as an analgesic, as we described previously. 16 Local anesthetic (Lidocaine HCL and epinephrine 2%, Laboratorios Zeyco, Zapopan, Jal, Mexico) was used for pain management and hemorrhage control in cases of oral surgery and endodontic treatment. All oral rehabilitations were completed with the patient in a dental chair (Adec Performer, Portland, OR, USA). Clinical diagnostic and treatment planning at both institutions were in accordance with the guidelines of dental treatment for children of San Luis Potosi University.
Dental treatment under general anesthesia
The same pediatric dentist at each institution performed all dental procedures for all children participating in the study. All restorative procedures completed during DGA for both groups were in accordance with the American Academy of Pediatric Dentistry Guidelines. [17] [18] [19] A Welch Allyn Atlas Monitor equipped with Electrocardiogram (model 622SO, Skaneateles Falls, NY, USA) and anesthetic machine (Narkomed 2A11, North American Drager, PA, USA) were used to monitor anesthesia care in each outpatient setting. Heart rate, temperature, arterial hemoglobin oxygen saturation, and arterial pressure were recorded and monitored throughout the procedures and patient recovery.
Patients were discharged when they were fully awake and met Aldrete´s criteria for patient discharge 20 and after appropriate written instructions were reviewed. Follow-up appointments for the next day and a week later were programmed for all patients.
Data collected for statistical analysis included the type of dental treatment provided, the number of procedures completed per patient, and the length of time under DGA, including both the length of time to complete the dental procedures and the total time from induction to recovery. 21 
Statistical analyses
To summarize and compare data between groups, we used a novel classification that includes an ordinal scale to measure the type of procedures completed, the number of procedures completed, and length of time required to complete these procedures while the patient was under DGA. We used JMP program version 4.0 (SAS Institute) for statistical analysis, statistical significance was set at P< 0.05. ShapiroWilks, Levene and Brown Forsythe tests were used to test the normality of distribution of all variables. The non-parametric Mann Whitney U test was used to compare continuous variables; Fisher's exact and X 2 of Mantel-Haenszel tests were used to compare categorical variables. Analysis of covariance (ANCOVA) was performed to control the influence of confounding variables.
RESULTS

Distribution according to gender and the relationship of age and gender with DGA
Total sample included fifty-one males (64%) and twentynine females (37%). Healthy children were classified in an age range of 2-6 years old, the mean being 50 months (4 years and 2 months). In MCDD children the distribution was in a higher range of age (2-7 years old), the mean being 65 months (5 years and 5 months). An interesting point to note was that males were more frequently assigned to DGA than females in both groups, twenty-seven in group 1 and twentyfour in group 2. When age and gender were compared between groups, there was no statistical difference (P> 0.05).
The healthy children were classified as ASA I and MCDD children were classified as medically compromised (ASA II-III) in accordance with the classification of physical status of The American Society of Anesthesiology. The healthy children were classified as definitely negative (level I) and MCDD children were classified as definitely negative and negative (levels I and II, respectively) in accordance with Frankl´s classification. 11 When both variables ASA classification and scale for behavior were compared between groups, there was a significant statistical difference (P= 0.0001).
Diagnostic findings of the medically compromised children
The relationship between medical diagnosis and gender is shown in Table 1 . Patients with cognitive delays and neuromuscular disorders received dental treatment under DGA most frequently (55%). The following disorders were found most often in the affected population: cerebral palsy (32.5%), intellectual disability (22.5%), and the genetic disorder Down syndrome (17.5%).
General anesthesia time, working time length and discharge time
The results relating total GA time, from induction to recovery, in both groups are shown in Table 2 . There was a significant statistical difference of (P= 0.0001) between the mean minutes for healthy children group (185±8.9) and for MCDD group (94±5.7). Healthy children needed more actual procedure time than MCDD children, with a significant statistical difference (P= 0.0001) between the means 161±7.9 for healthy children and 84±5.7 for MCDD children, respectively. There was no statistical difference in discharge time, 11±3 for healthy children and 12±3 for MCDD children. Table 3 shows that 80% of oral rehabilitations for healthy children had a working time of >120 minutes (E), while the MCDD showed that 67.5% of children needed <120 minutes (S, M, L). This is a statistically significant difference (P= 0.001). Results related to type of dental treatment showed that 85% of healthy children needed operative dentistry and endodontic treatment (T4) in the primary dentition without oral surgery; but 57% of MCDD children group received oral surgical services (T1, T2 and T5). When the type of dental procedure between groups was compared, there was a significant statistical difference (P= 0.0001). Healthy children received a mean of 17±5.0 treatment procedures while children in the MCDD group received a mean of 11±4.8 treatment procedures, which was statistically significant (P= 0.0001).
Working time length and type of procedures
Operative dentistry, oral surgery and endodontic treatments Table 4 shows that the total number of operative dentistry treatment procedures carried out in healthy children were 475 and 275 in the MCDD children. A similar tendency was found in endodontic treatment showing that 123 root canal treatments were carried out in healthy children but only 58 endodontic procedures in MCDD children. There was a significant statistical difference when these two variables were compared between groups, (P= 0.0001). There was no statistical difference (P>0.05) between groups in the number of oral surgery procedures.
Comparative data of most important variables
The most important variables that showed statistical difference when both groups were compared are shown in Table 5 . Healthy children had a mean age younger than that of patients of MCDD at time of treatment delivery and males needed DGA more frequently. The number of dental procedures under DGA had a direct impact on total general anesthesia time and working time length. The type of treatment carried out included more operative dentistry and root canal treatment for healthy children. The number of procedures was quite different with healthy children showing a greater necessity of dental treatment than MCDD children.
The ANCOVA test was applied to control the confounding variables of group, age, working time and type of dental procedures in relation to number of dental procedures carried out under DGA. Working time was the only variable that showed a significant statistical difference (P= 0.0001).
DISCUSSION
Dental treatment provided under DGA in different settings is important for a particular group of patients, such as noncooperative healthy children and MCDD children, adolescents and adults. It has been reported that persons with disabilities consistently show poor oral hygiene, high level of periodontal disease and dental caries. 8, 9 These descriptive studies involved children with different disabilities, age and demographic situations without standardization of criteria, which can influence results.
The present study showed differences in age distribution, the mean age was 4 years and 2 months for the healthy children while MCDD children showed a mean age of 5 years and 5 months at the time of treatment. This finding agrees with a report in which patients with special needs were older when treated than non-special needs patients. 22 This could be explained due that most patients come from low-income families that lived in small communities in several states of the central area of Mexico with difficulties for transportation to DGA setting; this situation produce a delay of information, waiting time and economical difficulties to deliver DGA procedures. Besides, most MCDD children have complicated health needs with high priority for the family as a result produces a later referral for dental treatment.
The fact that in this study we had more males than females in our sample is consistent with previous studies, 23, 24 but in contrast to results from others. [25] [26] [27] There is not a clear explanation for this difference in gender distribution, but it has been suggested that a higher prevalence of neuropsychiatric disorders among boys could explain the predominance of males. 22 It has been reported that in hospital settings, the frequency of DGA is concentrated in patients affected with cardiac problems, asthma, physical and emotional disabilities. 28 However, in a study carried out in Spain it was reported that the main frequency of oral rehabilitations under DGA were in intellectual disability, cerebral palsy, epilepsy, and Down syndrome patients. 29 This frequency is quite similar to this outpatient DGA study, suggesting that demographic, ethnic and treatment facilities play a major role in each study. There are reports describing dental treatment needs of healthy children (ASA I), but there are few studies comparing dental treatment necessities between healthy and MCDD children. One study shows that ASA I and II children needed more dental treatment under DGA than ASA III and IV children. 30 However, because ASA I children required more dental treatment than ASA II children, we considered it important to separate healthy and MCDD populations when comparative studies are undertaken. In the present study, healthy children seeking dental care under DGA had greater treatment needs than MCDD children. These findings are in contrast with a previous report where MCDD children required more time to complete dental treatment under general anesthesia. 9 However, the present results are similar to a recent publication in which patients with special needs had fewer teeth treated than non-special needs patients and that males in both groups needed more dental treatment than females. 22 The information about the time of GA in operative setting room is sparse. 21 In the present study we found that healthy children required more general anesthesia time for their oral rehabilitation. The mean was 185 minutes for healthy and 94 minutes for MCDD children, which was a statistically significant difference (P= 0.0001). Another important point in planning DGA is to estimate the working time, especially to consider the cost of the intervention. We found a mean of 161 and 84 minutes for healthy and MCDD children, respectively. Unfortunately, we could not compare these variables with other studies due to variability in study design and room settings. Recovery time was similar for both groups, means being 11 and 12 minutes for each group respectively. This finding is similar to several reports of general anesthesia procedures in different medical specialties where the combination propofol-sevoflurane is used for GA. 31 The results of this study showed that 80% of the total sample of healthy children required greater than 120 minutes to complete the dental procedures, whereas most (67.5%) of the MCDD children required less than 120 minutes of DGA. It is important to note that there was not a statistical difference when comparing the number of teeth extracted in both groups. Therefore, eliminating the possibility that the longer working time in Group I was due to more teeth being restored as opposed to being extracted. These findings are in contrast with other studies that report that MCDD children required more time to complete the dental treatment. 9 A possible explanation could be that healthy children have greater access to a more cariogenic diet than MCDD children through their parents or relatives. It is also possible that other factors such as oral hygiene habits and genetic susceptibility to dental caries play a role in this process. An increase in risks of dental diseases for MCDD children also exists due to the difficulties in having access to dental health care and the burden of additional cost of dental treatment. 26 However, countering these difficulties is the increase in the availability of information about oral health and parents and/or guardians having more knowledge about oral hygiene and the need for preventive dental treatment.
Because the type and number of procedures are difficult to compare or analyze with other studies, the authors developed a classification system based on three main factors: working time length, type and number of procedures carried out under DGA which attempts to conform with a more multidisciplinary approach to the delivery of care. 21 Since then, we have used this classification to describe the entire process of dental care under DGA rather than individual procedures and to organize and summarize data. There are some important points to note in this study. First the group of healthy children had a mean of 17 dental procedures while the MCDD group had a mean of 11 dental procedures carried out under DGA, with this difference being statistically significant. Operative dentistry, root canal treatments and stainless steel crowns, especially in the maxillary arch, were more often delivered in patients ASA I. This study agrees with the reports indicating that the number of dental procedures such as pulpotomies and stainless steel crowns are placed more often in healthy children than MCDD children. 28 Currently, outpatient anesthesia is increasing in all medical fields due to the reductions in costs related to the elimination of extended hospital stays. This reduction in medical expenses enables lower income families a better opportunity to obtain safe, comprehensive preventive and restorative care. The approach to dealing with patients with special health care needs is changing, it has been incorporated a multidisciplinary team approach concept that delivers a wide range of dental treatment possibilities and helping to provide a better quality of life for these patients. The combination propofol-sevoflurane is an anesthetic technique with a very good cost/benefit ratio and has an excellent recovery time with a reduction in vomiting and nausea as postoperative complications.
Patients with special health care needs often require oral rehabilitation under DGA in the hospital setting and worldwide; many available insurance plans do not include this as a covered benefit. It has been reported that office-based DGA is a safe procedure with a high level of patient satisfaction. 32, 33 It is therefore possible that DGA provided in an outpatient dental clinic or office setting may increase in frequency in the future, but funding will come primarily from the patient or family financial resources. In this regard, especially in developing countries, public institutions such as dental schools will play an important role in providing dental treatment for people with disabilities, and healthy children affected by early childhood caries. It is important to mention that all children in this study received follow-up care that included oral hygiene instructions, fluoride application and diet education.
We concluded that healthy children needed more working time and number of dental procedures, especially in operative dentistry and endodontic treatment, than MCDD children under DGA. The information from this sample of Mexican children could be used as reference for determining trends both within a facility as well as in comparing facilities in cross-population studies.
